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Abstract—Learning Science, Technology, Engineering and 
Mathematics (STEM) in the 21st century has been evolved from 
the conventional textbook to the interactive platform using 
electronic devices. This paper presents the implementation of a 
mobile application system, named AUREL (Augmented Reality 
Learning) in enhancing the learning experience by projecting 
Augmented Reality (AR) objects onto 2D images. This AR 
visualization is used to improve the understanding of STEM 
subjects and increases the enthusiasm of students towards STEM 
subjects. In this implementation, Google’s Cloud Tensor 
Processing Units (TPUs) are used to train specific datasets 
alongside Cloud Vision API to detect a wide range of objects. ML 
Kit for Firebase is used to host the custom TensorFlow Lite models 
for specific use cases for better accuracy. On the other hand, 
Google Cloud Platform (GCP) is used to harvest STEM data, 
manage STEM 3D information and data processing.  
Subsequently, the processed information will be displayed in AR 
in the mobile application using ARCore’s Sceneform SDK. The 
application of AUREL could be extended to all science subjects so 
that students can learn using an interactive platform. 

Keywords— Augmented Reality, Machine Learning, STEM 
Education 

I. INTRODUCTION 

The notion of science, technology, engineering and 
mathematics (STEM) is an integrated from of curriculum, 
information and assessment to reinforce science education by 
seamlessly combining these four disciplines [1]. STEM 
education plays a key role in the sustained growth and 
stability of Malaysia’s economy by creating critical thinkers 
and the next generation of innovators [2]. Most careers in the 
future will require a basic understanding of science and math. 
Despite these compelling facts, the STEM enrolment in 
Malaysia’s education system has dropped below 20% as of 
2017. This may lead to insufficient number of STEM 
graduates which will derail the nation’s development plan. 
Hence, this project is addressed to improve the enthusiasm 
and student’s attitude towards STEM by providing an 
alternate way for students to learn.  

The conventional teaching method using textbooks has 
been adopted since 19th century to deliver knowledge. 
Teachers and students rely heavily on textbooks to pass and 
receive information [3]. Textbooks often contains paragraphs 
of texts for students to read from as seen in Fig. 1(a). 
Sometimes, textbooks will include pictures and diagrams to 
better illustrate the information so that students can get a 
better understanding as seen in Fig. 1(b). However, in many 
cases, pictures are unable to convey the necessary 
information needed to fully grasp the knowledge of the 
subject matter. For example, it is hard to visualize the effects 
of forces, the vibrations of atoms or internal organs of the 
human body. Nowadays, smartphone devices are common  

 
 

 
Fig. 1:(a) Paragraph in textbooks (b) Illustration and paragraph in 

textbooks (c) Augmented Reality in AUREL 
 

gadgets among students. However, these electronic devices 
are more commonly used for browsing social media and 
playing games.  

Therefore, this paper proposes the creation of a mobile 
application called AUREL (short for Augmented Reality 
Learning) to make use of these mobile devices more 
beneficially, which is in the student’s education. E-learning, 
which is the learning conducted via electronic media, has 
emerged as a promosing method to replace conventional 
learning methods [4]. AUREL aims to be an E-learning tool 
for students to better understand existing textbooks by 
combining the capabilities of Machine Learning and 
Augmented Reality (AR). AUREL also addresses the ability 
to accurately perform image labelling on a wide array of 
objects in a resource constrained environment such as mobile 
devices.  Furthermore, AUREL explores the usage of 
markerless AR in education so that the display of AR objects 
are not limited to a specific image [5]. 

II. OVERVIEW OF AUREL SYSTEM 

AUREL makes full use of Google’s Cloud Platform 
services to be able to function both online and offline. While 
connected to the Internet, Cloud Vision API is used for image 
labelling as shown in Fig. 2(a). Vision API quickly classifies 
images into thousands of categories and improves over time 
as new Machine Learning concepts are introduced. A 
MobileNets model will be used for on-device labeling instead 
if there is no Internet connection as seen in Fig. 2(b). ML Kit 
for Firebase enables the application of Vision API onto the 
mobile application as well as hosting custom TensorFlow Lite 
models. While online, these TensorFlow Lite models are used 
to label categories in a more detailed manner at which the 
Cloud Vision API is unable to. These models are also 
automatically downloaded so that on-device labelling can be 
done in offline situations as seen in Fig. 2(b). Specific  
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Fig. 2: Overview of AUREL system during (a) online and (b) 

offline situations 
 

datasets are trained on Cloud TPUs to obtain more accurate 
labels for these specific images. Training machine learning 
models on Cloud TPUs, which is computationally 
demanding, eliminates the need for expensive and powerful 
hardware locally. 

Once the user confirms the selection, the 3D model of the 
object will be downloaded from an online repository onto the 
device as shown in Fig. 2(a). The downloaded 3D models can 
be accessed by the user even in offline situations as seen in 
Fig. 2(b). Augmented Reality is a technique of showing 
virtual objects on real-world images which is enabled by 
ARCore [6]. Once the 3D model of the selected object is 
downloaded or accessed from the mobile device, ARCore and 
Sceneform are used to project the markerless Augmented 
Reality object as seen in Fig. 1(c). The user can interact with 
the object and have a much more immersive learning 
experience. 

III. MOBILENETS ARCHITECTURE 

In AUREL, deep learning is implemented to enable the 
detection of objects in an unconstrained environment. 
Network architectures such as AlexNet [7], Inception-V3 [8] 
and MobileNets  [9] are popular for mobile applications. A 
balance between resource constraints, speed and time is 
important in the miniature nature of mobile devices [10]. 
AUREL uses MobileNets for image classification due to its 
strength in minimizing time and space for image 
classification while only compromising the accuracy slightly 
[9]. The architecture of MobileNets uses depthwise separable 
convolutions (Conv dw) instead of commonly used 
convolutional layers as seen in Fig. 3. The depthwise 
separable convolution block is split into two sections: first the 
depthwise convolution layer filters the input, then the 
pointwise convolution layer combines these filtered values to 
create new features. It performs the same as traditional 
convolution but is considerably faster. 

The full architecture of MobileNets consists of a 3×3 
convolution as the first layer, followed by 13 times the 
depthwise separable convolution block as seen in Table I. 
With an input image of 224×224×3, the output of the network 
will be a 7×7×1024 feature map. The implementation of depth 
wise separable convolution significantly reduces the number 
of parameters compared to networks with normal 
convolutions with the same depth in the networks. This 
causes the reduction in total number of floating point  

TABLE I: MOBILENETS BODY ARCHITECTURE 
Type / Stride Filter Shape Input Size 
Conv / s2 3 ൈ 3 ൈ 3 ൈ 32 224 ൈ 224 ൈ 3
Conv dw / s1 3 ൈ 3 ൈ 112 ݓ݀	32 ൈ 112 ൈ 32 
Conv / s1 1 ൈ 1 ൈ 32 ൈ 64 112 ൈ 112 ൈ 32
Conv dw / s2 3 ൈ 3 ൈ 112 ݓ݀	64 ൈ 112 ൈ 64
Conv s1 1 ൈ 1 ൈ 64 ൈ 128 56 ൈ 56 ൈ 64
Conv dw / s1 3 ൈ 3 ൈ 56 ݓ݀	128 ൈ 56 ൈ 128
Conv / s1 1 ൈ 1 ൈ 128 ൈ 128 56 ൈ 56 ൈ 128
Conv dw / s2 3 ൈ 3 ൈ 56 ݓ݀	128 ൈ 56 ൈ 128
Conv / s1 1 ൈ 1 ൈ 128 ൈ 256 28 ൈ 28 ൈ 128
Conv dw / s1 3 ൈ 3 ൈ 28 ݓ݀	256 ൈ 28 ൈ 256 
Conv / s1 1 ൈ 1 ൈ 256 ൈ 256 28 ൈ 28 ൈ 256
Conv dw / s2 3 ൈ 3 ൈ 28 ݓ݀	256 ൈ 28 ൈ 256
Conv / s1 1 ൈ 1 ൈ 256 ൈ 512 14 ൈ 14 ൈ 2565 ൈ 

Conv dw / s1 
Conv / s1 

3 ൈ 3 ൈ 1 ݓ݀	512 ൈ 1 ൈ 512 ൈ 512 
14 ൈ 14 ൈ 512 14 ൈ 14 ൈ 512

Conv dw / s2 3 ൈ 3 ൈ 14 ݓ݀	512 ൈ 14 ൈ 512
Conv / s1 1 ൈ 1 ൈ 512 ൈ 1024 7 ൈ 7 ൈ 512
Conv dw / s2 3 ൈ 3 ൈ 7 ݓ݀	1024 ൈ 7 ൈ 1024
Conv / s1 1 ൈ 1 ൈ 1024 ൈ 1024 7 ൈ 7 ൈ 1024
Avg Pool / s1 Pool 7 ൈ 7 7 ൈ 7 ൈ 1024
FC / s1 1024 ൈ 10 1 ൈ 1 ൈ 1024
Softmax / s1 Classifier 1 ൈ 1 ൈ 10

 

 
 

Fig. 3: Depthwise Separable Convolution Block [11] 
 
multiplication operations which is favorable in mobile and 
embedded applications with less compute power. Therefore, 
MobileNets is chosen for this application because it can 
perform much faster than comparable neural networks with 
just some sacrifice of accuracy. 

IV. IMPLEMENTATION OF GOOGLE CLOUD PLATFORM 

A. Cloud Vision API & Custom TensorFlow Lite Models 

AUREL not only enables users to browse for a broad 
variety of subjects, but also objects within a specific theme or 
category. AUREL enables users to select between using 
Cloud Vision API for Broad Learning or custom TensorFlow 
Lite Models for Themed Learning to detect objects. In Broad 
Learning, Google Cloud Vision API is used for image 
classification. The Cloud Vision API is trained on a large 
dataset of images and can provide 10,000+ labels in many 
categories while the mobile application is connected to the 
cloud. In situations where there is no Internet connection, the 
on-device API is still able to provide 400+ labels that cover 
the most commonly found concepts in images. 
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Fig. 4: Use cases for Broad Learning and Themed Learning 
 

 
 

Fig. 5: Comparison results between Cloud Vision API and Custom 
Tensorflow Lite Model 

 

For example, in Fig. 4, if the user wishes to learn about 
animals in general, Broad Learning is used. However, if the 
user wishes to go one step further and identify the species of 
the dog, then Themed Learning is selected whereby the 
custom TensorFlow Lite model is used. As accurate as the 
Cloud Vision API may be in identifying a wide range of 
objects, it is not feasible in this situation.  As seen in Fig. 5, 
Cloud Vision API is only able to label the images as dogs. A 
TensorFlow Lite model specifically trained on different 
species of dogs can be used to accurately identify the species 
of the dog. The dog species Golden Retriever, Siberian 
Huskey and English Springer were correctly identified as 
seen in Fig. 5. 

B. Obtaining & Preparing Dataset 

Datasets for STEM learning must be prepared for network 
training. Google Images Download is an open source tool that 
can be used for searching and downloading Google images. 
The tool can be configured to search for keywords, file types, 
size and color filters of images. Each themed dataset which 
consists of 10 classes is used to demonstrate this project. Each 
class consists of 100 images that will be used for training. 

C. Training the Model 

AUREL aims to enable users to perform on-device image 
classification in offline situations. Therefore, models must be 
able to run quickly with high accuracy in a resource-
constrained environment making use of limited computation, 
power and space [12]. In this project, quantization-aware 
training is done on MobileNets. We chose MobileNets 
because it is a small and efficient convolutional neural 
network which is designed to efficiently maximize accuracy 
while considering the restrictive resources for embedded 
applications [13]. The selected MobileNets model is trained 
using transfer learning on the ImageNet Large Visual 
Recognition Challenge Dataset [14]. The MobileNets model 

 
(a) 

 

(b) 

Fig. 6: (a) Accuracy of model over training iterations, (b) 
Loss of model over training iterations 

 

contains networks with millions of parameters that can 
differentiate many classes. By using these parameters as 
inputs to the final classification layer, a model can be trained 
accurately. 

Tensorboard is used to monitor and inspect the training as 
it takes place. As the training progresses, a series of output 
steps showing the training and validation accuracy is 
displayed on Tensorboard as shown in Fig. 6. The training can 
be set to end at a predefined number of steps or until an 
accuracy percentage is exceeded. For 10 classes each having 
100 images, the batch size equals to 1k. The training is set to 
stop upon reaching 100k steps (100 epochs) or until an 
accuracy of 90% is obtained. As seen in Fig. 6(a), the training 
stops at 100k steps since the preset accuracy of 90% was not 
met. The total loss at the end of training is 0.0532 as seen in 
Fig. 6(b). 

D. Converting the model to TensorFlow Lite format 

TensorFlow Lite is TensorFlow’s lightweight solution for 
mobile applications and embedded devices by enabling on-
device machine learning inferences with low latency and a 
small binary size [15]. TensorFlow Lite Optimizing 
Converter is used to optimize the trained TensorFlow model. 
Post-training quantization is performed to reduce the model 
size, at the same time providing up to 3 times lower latency 
with only a fraction of degradation in model accuracy. The 
converter also prunes unused graph-nodes and improves 
performance by joining operations into more efficient 
composite operations. While optimizing TensorFlow 
protobuf files which contains graph definitions and weights 
of the model, TensorFlow Lite uses a different serialization 
format which is FlatBuffers. FlatBuffers can be memory- 
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Fig. 7: TensorFlow Lite conversion process 
 

mapped and used directly from disk without having to be 
loaded and parsed which allows faster startup times. Fig. 7 
depicts the TensorFlow Lite conversion process. 

E. Hosting TensorFlow Lite Models on ML Kit for Firebase 

ML Kit is a mobile Software Development Kit (SDK) 
which eases the implementation of machine learning into 
mobile applications. ML Kit brings together Google Cloud 
Vision API, Mobile Vision and TensorFlow Lite together into 
a single SDK. There are many benefits of hosting TensorFlow 
Lite models on the cloud instead of on-device. Model 
versions can be easily managed and updated and will 
significantly reduce the file size of the AUREL application. 
The image classification models will only be downloaded 
onto AUREL if requested by the user. 

F. Storing the 3D models on Google Cloud Storage 

3D models normally consists of 2 files, the geometry 
definition of the object (.obj) and the textures applied to the 
object (.mtl). These 2 files of an object are used to create a 
Sceneform Asset file (.sfb) which is used by the mobile 
application to create a renderable object to be displayed in 
Augmented Reality. A repository of these Sceneform Asset 
files is stored on Google Cloud Storage. Each asset has its 
unique directory and will be downloaded onto the mobile 
application once the user has identified an object and wants 
to display it in Augmented Reality. 

V. AUREL MOBILE APPLICATION 

AUREL is developed on Android Studio 3.0 and it can be 
installed on Android devices with minimum Android 4.0 (Ice 
Cream Sandwich). The ARCore functionality of AUREL 
requires devices with minimum Android 7.0 (Nougat). 
Throughout the development of AUREL, Android Emulator 
is used to test the app to ensure that backend systems and user 
interface functions properly with different versions of 
Android and screen resolutions. The initial launching of  

 
 

Fig. 8: Broad Learning page 
 

 
 

Fig. 9: Themed Learning page 
 

AUREL system requires the user confirmation to enable 
access to the device’s camera. Upon accepting, the user will 
be directed to the main page of the application. There are 
three main pages on the application which are Broad 
Learning, Themed Learning and History and analytics. 

In Broad Learning, the user can take a picture of any 
object that the user is interested to learn more about. If the 
device is connected to the Internet, the application uses Cloud 
Vision API to detect the object in the picture. This 
functionality allows the user to search for objects even if they 
don’t know what the name of the object is. A list of the top 
results and the corresponding confidence is displayed on the 
screen of the device. Once the user selects one of the results, 
its 3D model will be downloaded from the 3D model 
repository on Google Cloud Storage onto the device. The user 
is then able to point their device onto a flat surface and display 
the 3D model of the object in Augmented Reality using 
ARCore. The user can interact with the object such as rotating 
and scaling the object to fully visualize the object in real life. 
In offline situations, general learning functions are the same, 
the only downside is that image labeling will be slightly less 
accurate as the on-Device API is used instead. 

Less common objects would not be detected accurately by 
the application. In addition, new 3D models would not be able 
to be downloaded onto the device directly. The application 
will store the data and will only download the 3D model once 
the device is connected to the Internet. It is strongly suggested  
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Fig. 10: History & Analytics page 
 

that users have at least basic Internet connection while using 
the application to obtain optimal results and to fully utilize 
the functionalities. 

Themed Learning is used for situations whereby the user 
is interested to explore specific topics such as “Atoms and 
Molecules”, “Animal Kingdom” and “The Galaxy”. Each of 
these topics will use their respective TensorFlow Lite models 
to identify objects for the user. This allows more in-depth 
labelling which the Cloud Vision API might not be able to 
provide with the required accuracy. These TensorFlow Lite 
models are hosted on MLKit for Firebase and will only be 
downloaded onto the application when required hence 
decreasing the file size of the application. This also allows the 
Image Labelling models to be constantly updated on the cloud 
without the user having to reinstall the mobile application 
each time the models are updated. 

All previously downloaded 3D models are stored on the 
device so that the user can be able to view the models in 
Augmented Reality anytime, anywhere. This enables the user 
to learn at any given moment such as while waiting at the bus 
stop. The search history of the user is also properly 
documented into categories such as Physics, Biology, 
Astronomy and many more. These data are displayed 
statistically so that the user can get a better understanding of 
their interests. Another feature is that the user can send 
feedback on wrongly identified objects so that the machine 
learning models can be corrected. 

VI. CONCLUSION & FUTURE IMPROVEMENT 

Conventional teaching and learning methods has not been 
effective in educating the next generation of STEM 
graduates. A mobile platform combining Augmented Reality 
and Machine Learning, which is named as AUREL is 
proposed in this paper to improve the STEM education. This 
platform leverages with the capability of Google Cloud 
Platform to perform machine learning on markerless object to 
retrieve useful information for 3D visualization. Broad 
learning and themed learning is added in the AUREL to ignite 
students’ passion and curiosity towards specific STEM 
subjects. For future works, 3D models that includes 
animations can be added to gain a better understanding of the 
object in concern. Mixed reality and Virtual Reality can also 
be used alongside this application to improve the 
impressiveness of the learning experience for the users. Users 

can be transported into another dimension and be fully 
immersed in learning new discoveries. Future versions of this 
application will include the ability to automatically update the 
Image Labelling models by using the images taken by the 
users as inputs to improve the model.  
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